METHOD AND APPARATUS FOR PROVIDING DOUBLE-SIDED 
COOLING OF LEADFRAME-BASED WIRE-BONDED 

ELECTRONIC PACKAGES 

5 

The present invention relates in general to integrated circuit chip packaging, and 
more particularly, to a method and apparatus for providing double-sided cooling of 
leadframe-based wire-bonded electronic packages. 

10 As the speed and component density of modern integrated circuit chips 

continues to increase, the heat generated by the chips also generally increases. 
Techniques for better dissipating the heat from integrated circuit chips are thus 
desirable, especially with higher performance/power devices. 

Existing integrated circuit chip packages, such as power MOSFET packages, 

1 5 introduce significant thermal resistance, due to their inability to transfer heat away from 
the integrated circuit chip. Unfortunately, this limits the power dissipation and 
performance of the integrated circuit chip. One technique for improving heat 
dissipation in a leadframe-based wire-bonded integrated circuit chip package involves 
exposing the leadframe on the bottom of the package through large, integrated metal 

20 pads. By soldering this improved integrated circuit chip package to a printed circuit 
board, a very low impedance heat path is created via the metal pads, enabling larger 
output currents from, and cooler operation of, the integrated circuit chip. However, it 
would still be desirable to further increase the heat dissipation and performance of this 
type of integrated circuit chip package by integrating a heatslug on the top of the 

25 package to provide double-sided cooling. The placement of a heatslug on the top of the 
package, however, increases the complexity of package assembly (and its cost) because 
the heatslug must be insulated from the leadframe in some manner (e.g., by treating the 
surface of the leadframe). 

There is a need, therefore, for a method and apparatus for providing double- 

30 sided cooling of leadframe-based wire-bonded electronic packages. There is also a need 
for a method and apparatus for integrating a heatslug on the top of leadframe-based 
wire-bonded electronic package, wherein the heatslug is insulated from the leadframe, 
and wherein the package can be assembled/produced in a simple, cost-effective manner. 
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The present invention provides a method and apparatus for providing double- 
sided cooling of leadframe-based wire-bonded electronic packages, and is described 
herein with regard to the double-sided cooling of an electronic package containing a 
5 single integrated circuit chip. It should be noted, however, that the method and 

apparatus of the present invention can be used to provide double-sided cooling to other 
types of single and multi-chip electronic packages without departing from the scope of 
the invention as set forth in the claims. 

In a first aspect, the present invention provides a method for providing a double- 

10 sided cooled electronic package, comprising: positioning a plurality of heatslug 

members over a corresponding plurality of electronic packages formed on a leadframe 
strip, wherein each of the heatslug members includes a heatslug and a plurality of legs 
for supporting the heatslug over a respective one of the electronic packages; introducing 
a molding compound between each heatslug member and its respective electronic 

15 package; curing the molding compound; and cutting the heatslug members and 

separating the electronic packages from the leadframe strip, such that each electronic 
package includes a heatslug for cooling a first side of the electronic package. 

In a second aspect, the present invention provides a method for providing a 
double-sided cooled electronic package, comprising: positioning a heatslug member 

20 over an electronic package, wherein the heatslug member includes a heatslug and a 

plurality of legs for supporting the heatslug over the electronic package; introducing a 
molding compound between the heatslug member and the electronic package; curing the 
molding compound; and cutting the legs of the heatslug member away such that only 
the heatslug remains, wherein the heatslug cools a first side of the electronic package. 

25 In a third aspect, the present invention provides a double-sided cooled electronic 

package, comprising: at least one integrated circuit chip mounted on a leadframe that 
acts as a heatsink for cooling a first side of the electronic package; a thermally 
conductive heatslug; and an electrically insulating and thermally conductive molding 
compound for supporting the heatslug above the at least one integrated circuit chip, 

30 wherein the heatslug cools a second side of the electronic package. 



These and other features of this invention will be more readily understood 



from the following detailed description of the various aspects of the invention taken in 
conjunction with the accompanying drawings in which: 

FIG. 1 illustrates a conventional leadframe package prior to overmolding; 

FIG. 2 illustrates a double-sided cooled leadframe package with heatslug in 
accordance with the present invention; 

FIG. 3 illustrates a plurality of thermally conductive heatslug members in 
accordance with the present invention, prior to attachment to a leadframe strip; 

FIG. 4 illustrates a leadframe strip comprising a plurality of incomplete 
leadframe packages (after chip attachment and wire bonding), prior to attachment of the 
heatslug members shown in FIG. 3; 

FIG. 5 illustrates the placement of the plurality of heatslug members of FIG. 3 
over the incomplete leadframe packages of FIG. 4; 

FIG. 6 illustrates the introduction of a molding compound between the heatslugs 
and incomplete leadframe packages; and 

FIG. 7 illustrates a cutting operation for separating the completed leadframe 
packages from the leadframe strip. 

It should be noted that the drawings are merely schematic representations, 
not intended to portray specific parameters of the invention. The drawings are intended 
to depict only typical aspects of the invention, and therefore should not be considered as 
limiting the scope of the invention. 

A conventional leadframe package 10 is illustrated in FIG. 1 . As shown, the 
leadframe package 1 0 comprises a thermally conductive leadframe/heatsink 1 2 and edge 
traces 14. An integrated circuit chip 16, such as a power MOSFET, is mounted to an 
upper surface 18 of the thermally conductive leadframe/heatsink 12. Wires 20 connect 
the integrated circuit chip 16 to the edge traces 14. Other components of the leadframe 
package 10 not necessary for the understanding of the present invention have not been 
shown for clarity. Heat generated by the integrated circuit chip 1 6 is dissipated from the 
bottom of the leadframe package 1 0 through the thermally conductive 
leadframe/heatsink 12 as generally indicated by directional arrows 22. 

A leadframe package 100 produced in accordance with the present invention is 
illustrated in FIG. 2. Similar to the leadframe package 10 illustrated in FIG. 1, the 
leadframe package 100 of the present invention comprises a thermally conductive 



leadframe/heatsink 112 and edge traces 114. An integrated circuit chip 116, such as a 
power MOSFET, is mounted to an upper surface 1 18 of the thermally conductive 
leadframe/heatsink 112. Wires 120 connect the integrated circuit chip 1 16 to the edge 
traces 114. Again, other components of the leadframe package 100 not necessary for 
the understanding of the present invention have not been shown for clarity. Unlike the 
leadframe package 10 illustrated in FIG. 1, however, the leadframe package 100 of the 
present invention further comprises a thermally conductive heatslug 130 mounted 
above, and insulated from, the thermally conductive leadframe/heatsink 112, edge traces 
1 14, integrated circuit chip 1 16, and wires 120, by a layer of an electrically-insulating, 
thermally conductive, molding compound 132. The thermally conductive heatslug 130 
may be formed of a metal such as copper or aluminum, or other suitable thermally 
conductive material. The molding compound 1 32 is an epoxy-based or polymer-based 
molding compound of a type known in the art. Other materials having suitable thermal 
and electrical properties may also be used for the molding compound 132 in the practice 
of the present invention. 

Heat generated by the integrated circuit chip 1 16 is dissipated from the bottom 
of the leadframe package 1 00 through the thermally conductive leadframe/heatsink 1 1 2 
as generally indicated by directional arrows 122, and from the top of the leadframe 
package 100 through the thermally conductive heatslug 130 as generally indicated by 
directional arrows 124. The leadframe package 100, therefore, is now provided with 
double-sided cooling. 

A method for producing a plurality of double-sided cooled leadframe packages 
100 in accordance with the present invention is illustrated in FIGS. 3-7. 

FIG. 3 illustrates a plurality of thermally conductive heatslug members 140 prior 
to attachment to a leadframe strip 142 (FIG. 4) that includes a plurality of incomplete 
leadframe packages 100'. Each heatslug member 140 includes a thermally conductive 
heatslug 130 and a pair of outwardly angled legs 144. Each heatslug member 140 may 
be formed of copper, aluminum, or other suitable thermally conductive material. As 
previously described, each of the plurality of leadframe packages 100' shown in FIG. 4 
generally includes at least a leadframe/heatsink 1 12, edge traces 1 14, an integrated 
circuit chip 116 mounted to an upper surface 118 (see FIG. 1) of the thermally 
conductive leadframe/heatsink 112, and wires 120 connecting the integrated circuit chip 
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1 16 to the edge traces 1 14. The leadframe packages 100' are joined together on the 
leadframe strip 142 by removable sections 146 at adjacent edge traces 1 14. 

As shown in FIG. 5, each heatslug member 140 is positioned on a respective 
leadframe package 100', with the heatslug 130 located over the leadframe package 100' 
5 and the outwardly angled legs 1 44 contacting and supported by the removable sections 
146 of the leadframe strip 142 on either side of the leadframe package 100'. Although 
the legs 144 of each heatslug member 140 may be secured to the surface of the 
removable sections 146 of the leadframe strip 142 (e.g., using an adhesive, or applying 
force on top of the heatslug 130), it has been found that the weight of the heatslug 

10 member 140 itself is generally sufficient to maintain the heatslug member 140 in 
position over the leadframe package 100' during subsequent processing steps. 

The legs 144 of each heatslug member 140 do not contact the edge traces 1 14 of 
the leadframe package 100', and position the heatslug 130 above the leadframe/heatsink 
1 12, integrated circuit chip 1 16, and wires 120. In general, the legs 144 of each 

1 5 heatslug member 140 are configured to place the heatslug 1 30 of the heatslug member 
140 high enough above the leadframe package 100' such that the heatslug 130 does not 
contact any portion of the leadframe package 100', thus electrically insulating the 
heatslug 130 from the leadframe package 100\ 

After the plurality of heatslug members 140 are properly positioned over the 

20 plurality of leadframe packages 100' of the leadframe strip 142, an electrically- 
insulating, thermally conductive molding compound 132 is introduced between each 
heatslug member 140 and its respective leadframe package 100' as shown in FIG. 6. 
The overmolding may be performed, for example, by positioning a fixture(s) (not 
shown) over each/all of the heatslug members 140, introducing the molding compound 

25 132 in a fluid state into the fixture(s) to fill the space between each heatslug member 
140 and its respective leadframe package 100', and allowing the molding compound 
132 to cure. The molding compound 132 may comprise, for example, an epoxy- or 
polymer-based material heated to a temperature of approximately 175° C. 

As shown in FIG. 7, after the molding compound 132 has sufficiently cured, a 

30 cutting step 150 is performed to remove the outwardly angled legs 144 from each 

heatslug 140 and to separate each of the now-completed leadframe packages 100 from 
the leadframe strip 142. The resultant double-sided cooled leadframe package 100 is 
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shown in FIG. 2. The cutting step 1 50 may comprise any type of now known or later 
developed cutting operation that is capable of separating the leadframe packages 1 00 
from the leadframe strip 142 and separating the legs 144 from each heatslug member 
140. 

The foregoing description of various aspects of the invention has been 
presented for purposes of illustration and description. It is not intended to be exhaustive 
or to limit the invention to the precise form disclosed, and obviously, many 
modifications and variations are possible. Such modifications and variations that may 
be apparent to a person skilled in the art are intended to be included within the scope of 
the invention as defined by the accompanying claims. 



